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Abstract

Drought is an important yield-reducing factor for corn and
soya bean which are the two major crops in the Delaware,
Maryland and Virginia (Delmarva) region of the United
States. Cowpea (Vigna unguiculata L. Walp.) is primarily
grown in drier regions of the world where it is one of the
most drought-resistant food legumes. Field experiments
were conducted in which 10 genetically diverse cowpea
genotypes were evaluated for adaptability to the Delmarva
area. The cowpea genotypes were grown in rain-out shelters
under non-water-stressed and water-stressed conditions.
The results showed that under non-water-stressed condi-
tions cowpea genotypes California Blackeye 5, Champion
and Mississippi Silver gave higher seed yields, while
genotypes White Acre, Six Week Browneye and Texas
Cream 8 provided lower seed yields. Genotypes California
Blackeye 5 and Champion gave comparatively better seed
yields under water-stressed conditions. California Blackeye
5 was the highest seed-yielding genotype under both water-
stressed and non-water-stressed conditions. The highest
biological yield under non-water-stressed conditions was
given by genotypes Two Crop Brown, White Acre and
Elite, whereas under the water-stressed condition genotypes
Texas Cream 8, California Blackeye 5, and Mississippi
Silver gave higher biological yield. Genotypes Quickpick
Pinkeye and Elite were identified as early maturing geno-
types. The harvest index (HI) varied significantly among
genotypes, with Texas Cream 8 having the lowest HI.
Cowpea genotypes which gave higher seed yield under
water-stressed conditions could play an important role in
sustaining crop production in the Delmarva region.
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Introduction

Cowpea (Vigna unguiculata L. Walp.) is grown on
about 7–8 million hectares in warm to hot regions
of the world (Ehlers and Hall 1997, Mortimore
et al. 1997) with an annual production of 3 million
tons worldwide (Singh et al. 1997). Of the world
total production area, Africa accounts for 6 million
hectares (Mortimore et al. 1997). Cowpea provides
an inexpensive source of protein for many people in
different regions of the world (Alghali 1991). In the
United States, commercial production extends
from 30�N to as far as 40�N latitudes, and
experimental plantings have been successful as far
north as Minnesota at 45�N latitude (Davis et al.
1986). The San Joaquin Valley of California and
the high plains of Texas are the major regions of
dry seed cowpea production in the United States.
Cowpea seeds are marketed as dry blackeye beans
in as many as 30 countries. Total production of
cowpea for dry seed harvest in the United States is
estimated at 60 000–80 000 acres (Hall et al. 2003).
Cowpea is also grown in the south-eastern United
States under rain-fed conditions mainly for use as
southern peas for canned and frozen products, and
for home use as fresh southern peas (Hall et al.
2003). Cowpea is usually better adapted to
drought, high temperatures and other biotic stres-
ses compared with other crop plant species (Ehlers
and Hall 1997, Kuykendall et al. 2000, Martins
et al. 2003). The crop is also tolerant to low soil
fertility. Due to its high rates of nitrogen fixation
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(Elowed and Hall 1986, Kuykendall et al. 2000,
Martins et al. 2003) and effective symbiosis with
mycorrhizae (Kwapata and Hall 1985), it does not
deplete the natural reserves of soil nitrogen and
phosphorus, and many experimental findings con-
firm that soil nitrogen levels increase by about 40–
80 kg N ha)1 following cowpea in rotation (Quin
1997). Cowpea also has the ability to tolerate both
acid and alkaline soil conditions (Fery 1990), and
the crop is responsive to favourable growing
conditions (Ehlers and Hall 1997). Many cultivars
of cowpea are, however, damaged by drought and
high temperatures, especially during floral devel-
opment. The combination of high temperature,
drought and long days can slow down or inhibit
floral bud development, resulting in few flowers
being produced and substantially reduced cow-
pea productivity (Nielsen and Hall 1985, Dow
El-Madina and Hall 1986, Patel and Hall 1990).
Selection for early flowering and empirical yield

testing of breeding lines under dry production
conditions has been used successfully to develop
cowpea cultivars adapted to low rainfall areas (Hall
and Patel 1985, Cisse et al. 1997). Heat-tolerant
breeding lines developed at the University of
California, Riverside, have produced more than
twice the yield of commercial cultivars in field trials
conducted in the Coachella Valley of California
during the summer season, a very hot environment
in the low elevation desert (Ismail and Hall 1998).
Stability in yields of agronomically acceptable
cultivars is generally regarded as the ultimate goal
in cowpea improvement and a cornerstone in
achieving sustainability (Oghiakhe et al. 1995).
One way to obtain this is to identify genotypes
with adequate levels of resistance to drought, heat
and other stresses. There is a need for cowpea
cultivars, which are more tolerant to water deficit
or more efficient in their water use (Anyia and
Herzog 2004). However, progress in breeding
cultivars for dry environments has been slow (Hall
et al. 1997).
Cowpea possesses high yield plasticity under

diverse environments, and could alleviate the eco-
nomic hardships of farmers in case of severe
drought and heat. With its high nutrient content,
for example 25 % protein (Quin 1997), cowpea
may be regarded as a very nutritious food legume
for many ethnic communities who use it in their
diets. Progress can be made in breeding cowpea
cultivars with phenologies and plant habits that are
suited to specific target production zones and crop
product utilization (Hall et al. 2003).

The Delmarva region is a relatively flat peninsula
encompassing portions of the states of Delaware,
Maryland and Virginia. It is bordered on the east
by the Atlantic Ocean and on the west by the
Chesapeake Bay and lies within the longitude
75�2¢W to 75�47¢W and latitude 36�31¢N to
39�50¢N. Surface elevations range from zero to
45.6 m with the majority of land area being
<24.3 m above sea level. This region has a humid
continental type of climate with an average
annual rainfall 1092 mm (sometimes as low as
610 mm year)1). The Delmarva region experiences
severe drought and elevated summer temperatures
that sometimes reach as high as 44 �C. Most of the
Delmarva soil is Othello, sedimentary, acidic soil,
and low in natural plant nutrients. The soils range
in texture from sandy to sandy loam (USDA 1978).
The yields of corn and soybean in the Delmarva

region are lower than the US national average
(USDA 1996, Wilcox 2004) due to frequent drought
in the growing season and the drought-prone
sandy-to-silt loam soils in the region. Drought
during flowering and seed filling stages of the two
major crops, corn and soya bean, significantly
limits crop productivity in this area. Growing
cowpea on some of the acreage used in growing
corn and soya bean in the Delmarva region could
sustain crop production and serve as an insurance
crop against the loss of farmers� income during
periods of drought. Therefore, field experiments
were conducted to identify cowpea genotypes that
are early maturing, drought tolerant, and possess
high stable seed and biological yield, especially
under the Delmarva environmental conditions.

Materials and Methods

Two field experiments were conducted at the Agricultural
Experimental Research Farm, University of Maryland
Eastern Shore, Princess Anne, Maryland, in 2001 and
2002. Physical and chemical analyses of the soils were
conducted at the Soil Testing Laboratory of the University
of Maryland College Park, Maryland. The soil texture of
both experimental sites was silt loam. The results of the
physical analyses of the soils for experiments 1 and 2
showed content of sand as 57 and 64 %, silt as 27 and
22 %, clay as 16 and 14 %, and CEC as 4.73 and 4.59
respectively. The chemical analyses results of the soils were:
Mg: 73 and 89 kg ha)1, P: 114 and 172 kg ha)1, K: 70 and
91 kg ha)1, Ca: 35 and 41 kg ha)1, OM: 2.4 and 2.3 %,
NO3-N: 1.8 and 6.60 ppm, and the pH: 5.3 and 6.1 for
experiments 1 and 2 respectively. Ten diverse cowpea
genotypes, obtained from Tasso Production Limited,
Texas, were included in the experiments (Table 1). Both
experiments were conducted in a split-plot design. The

Water Stress in Cowpea 211



main plot treatments included non-water-stressed and
water-stressed conditions and the subplot treatments con-
sisted of 10 genotypes in both experiments.

Water-stressed treatments consisted of growing plants in
rain-out shelters (Wendt et al. 1981) constructed of trans-
parent polyethylene on wooden frame 1.2 m high at the
edges, 2.1 m in the centre, 50.0 m long and 5.6 m wide. All
sides of the shelter were covered from the soil surface down
to 1.0 m deep in the ground with the polyethylene sheets.
Eight shelters of similar dimensions were used for the
stressed and non-stressed treatments.

In non-water-stressed treatments, soil tension was kept
above )0.03 MPa, and in stressed treatments soil moisture
was replenished to field capacity using drip irrigation
whenever water tension fell below )0.07 MPa. Soil mois-
ture was monitored using a neutron moisture probe from
soil cores at 0.3 m depth increments to 1.2 m depth and
averaging the moisture content over the four depths. Weeds
in all experiments were controlled manually.

The first and second experiments were sown on 14 June
2001 and 9 June 2002 respectively. In both experiments,
there were four rows in each plot and each row was 4 m
long. The distances between the rows and plants were 0.75
and 0.20 m respectively. Blocks and plots in both experi-
ments were separated by a spacing of 2 m. The experiments
did not receive any fertilizer or insecticide treatments.

All field observations and plant samples were obtained
from the central two rows of each four row plot. In addition,
the central two rows were harvested for seed yield. Both
experiments were harvested manually three to four times as
soon as they reached a stage of physiological maturity. After
harvest, the pods were oven dried at 60 �C for 7 days,
threshed, and the seed yield was recorded. In the second
experiment (2002), plants of the two middle rows were cut at
soil level from all treatments, after seed harvest, to deter-
mine the biological yield. The plants were dried in an oven
and the dry weight was recorded. Observations on days
from emergence to flowering and maturity for each geno-
type were also recorded in both experiments. Days to
flowering was recorded when about 50 % of the plants were
at the flowering stage. The maturity groupings of cowpea

genotypes were determined according to Singh et al. (1997)
as follows: early maturing for genotypes mature in 60–
75 days, medium maturing for genotypes mature in
75–90 days, and late maturing for genotypes mature in
90–120 days. The harvest index (HI) was determined as the
ratio of grain weight to total shoot biomass (weight of
grains, pods, leaves, branches and stem) after drying the
samples at 65 �C for 7 days (Ismail and Hall 1998).

Yield data obtained from both experiments were subjec-
ted to analysis of variance (anova) with subsequent mean
separation obtained using LSD as described by Steel and
Torrie (1980).

Results

Effects of water stress on flowering and maturity

of cowpeas

Flowering and maturity occurred uniformly across
the replications within each cowpea genotype. Days
to 50 % flowering varied greatly among cowpea
genotypes (Table 2). In 2001, cowpea genotypes
California Blackeye 5, Big Boy, Champion, Elite,
White Acre and Two Crop Brown flowered
2–3 days earlier under the water-stressed condi-
tions than under non-water-stressed conditions.
Genotypes Texas Cream 8, Quick Pinkeye and
Mississippi Silver flowered 1–2 days later under
water-stressed than non-water-stressed conditions.
In 2002, cowpea genotypes California Blackeye 5,
Mississippi Silver, Six Week Browneye and White
Acre were 2–4 days earlier in flowering when plants
were water-stressed compared with the non-water-
stressed condition. Genotypes Texas Cream 8,
Quick Pinkeye, Big Boy and Champion were
1–15 days later in flowering when plants were
grown under watered stressed conditions compared
to non-water-stressed conditions.

Table 1: Traits of cowpea genotypes used in this study

Genotypes Origin
Year of
release Maturity

Growth
habit

Quickpick Pinkeye NA NA Early Erect
Elite Arkansas Agric. Exp. Res. Station 1978 Medium Erect
Mississippi Silver Mississippi Agric & Forestry Exp. Station 1966 Medium Semi-erect
Six Week Browneye NA 1980 Early Bushy
Big Boy Texas A & M 1969 Late Bushy
Texas Cream 8 Texas Agric. Res. Station 1952 Early Semi-erect
White Acre NA 1965 Late Prostrate
Champion Texas Agric. Res. Station 1962 Medium Bushy
Two Crop Brown NA 1974 Medium Bushy
California Blackeye 5 California Agric. Res. Station 1941 Late Prostrate

Source: Tasso Production Limited, Houston, USA.
NA, information not available.
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The effect of water treatments on maturity of
cowpea genotypes was similar to the effect on days
to flowering. Days to full maturity of cowpeas
varied among genotypes, and ranged from 61 to
92 days in 2001, and from 65 to 99 days in 2002
when plants were grown under non-water-stressed
conditions. Similar trends in maturity of cowpea
genotypes were also found when plants were grown
under water-stressed conditions. In the first experi-
ment (2001), Quickpick Pinkeye and Elite were the
early maturing genotypes (Table 2). Under the
non-water-stressed conditions, Texas Cream 8,
Mississippi Silver, Big Boy, Six Week Browneye
and White Acre were of medium maturity, while
California Blackeye 5, Champion and Two Crop
Brown were late maturing. Under water-stressed
conditions, Quickpick Pinkeye and Elite were early
maturing genotypes, while the remaining genotypes
were classified as medium to late maturity. In the
second experiment (2002), the early maturing
genotypes were also Elite and Quickpick Pinkeye,
while the late maturity group included Champion,
Two Crop Brown and California Blackeye 5. The
other cowpea genotypes belonged to the medium
maturity group. Water-stressed conditions in the
2002 growing season delayed the maturity of
cowpea genotypes Quick Pinkeye, Mississippi Sil-
ver, Big Boy and Six Week Browneye by 2–10 days,
while in the case of California Blackeye 5, Texas
Cream 8, White Acre and Two Crop Brown crop
maturities was earlier by 3–7 days. Maturity as
given in the cultivar description (Table 1) was not a
useful predictor of days to flowering or days to
maturity in the present study. This could be due to

differences in day length and other environmental
conditions prevailing in the locations of breeding
and where these tests were carried out.

Effects of water stress on seed yield, biological yield

and harvest index of cowpeas

Cowpea genotypes grown under non-water-
stressed conditions in both experiments (2001 and
2002) gave higher seed yield compared with the
same genotypes grown under water-stressed condi-
tions, except in the case of Six Week Browneye
(Table 3). Under non-water-stressed conditions in
the 2001 growing season, genotypes California
Blackeye 5 and Champion significantly gave the
highest seed yields, with California Blackeye 5
being the highest seed-yielding genotype (Table 3).
On the contrary, lower seed yields were provided
by genotypes White Acre and Big Boy. Other
cowpea genotypes provided intermediate seed
yields (Table 3).
When cowpeas were grown under water-stressed

treatments in 2001, the highest seed yields were also
provided by Champion and California Blackeye 5.
Big boy had a seed yield lower than all genotypes,
except White Acre and Mississippi Silver under
water-stressed treatments.
Seed yield of cowpea genotypes grown under

non-water-stressed conditions in the second experi-
ment (2002) was also higher than the seed yield of
the same genotypes that were grown under water-
stressed conditions. Under non-water-stressed
conditions, the highest seed-yielding genotypes
were California Blackeye 5, Mississippi Silver and

Table 2: Phenological characteristics of cowpea genotypes under non-water stressed and water-stressed conditions

Genotypes

Year 2001 Year 2002

Non-water-stressed Water-stressed Non-water-stressed Water-stressed

Days to
flowering
(50 %)

Days to
maturity
(50 %)

Days to
flowering
(50 %)

Days to
maturity
(50 %)

Days to
flowering
(50 %)

Days to
maturity
(50 %)

Days to
flowering
(50 %)

Days to
maturity
(50 %)

Quickpick Pinkeye 49 61 50 60 40 65 55 68
Elite 50 65 48 64 47 65 50 65
Mississippi Silver 50 79 52 82 47 70 45 80
Six Week Browneye 60 80 60 80 63 80 60 82
Big Boy 62 82 60 80 55 80 62 82
Texas Cream 8 60 80 61 83 52 85 58 80
White Acre 64 82 62 80 68 85 64 82
Champion 70 91 68 90 69 90 70 90
Two Crop Brown 72 92 70 90 75 95 72 92
California Blackeye 5 78 90 75 89 80 99 76 92
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Champion. Under water stress, California Blackeye
5 and Big Boy were the highest yielding lines, while
White Acre was the lowest seed-yielding genotype.
Under non-water-stressed conditions in the 2002

growing season, Two Crop Brown, White Acre and
Elite provided the highest biological yield
(Table 3). This may suggest these three genotypes
as useful candidates for seed production as cover
crops. However, under water-stressed conditions,
genotypes Texas Cream 8, California Blackeye 5
and Mississippi Silver gave high biological yields
and may be the better genotypes for seed yield and
cover cropping under water-stressed conditions.
The HI varied significantly among cowpea geno-

types grown under non-water-stressed and water-
stressed conditions.Genotypeswith lower biological
yields tended to have higher HI, and genotypes with
higher biological yields tended to have lowerHI. The
HI of some cowpea genotypes such as California
Blackeye 5 and Mississippi Silver was higher when
plants were grown under non-water-stressed condi-
tions than under water-stressed conditions. On the
contrary, the HI of Champion and White Acre was
higher when plants were grown under water-stressed
conditions than those of other plants grown under
non-water-stressed conditions.

Discussion

The most desirable cowpea genotype in the Del-
marva region was California Blackeye 5 which was
one of the highest seed-yielding genotypes in both
growing seasons under the non-water stressed and

water-stressed conditions of the present investiga-
tion. This may be due to the fact that California
Blackeye 5 is resistant to diseases and pests such as
root knot nematodes (Meloidogyne spp.), cowpea
mosaic virus and Fusarium wilt (Kelly and NeSmith
1994, Ehlers and Hall 1997). Mississippi Silver and
Champion were also identified by this study as high
seed-yielding genotypes. Similarly, Mississippi
Silver is resistant to cowpea mosaic virus, root
knot nematodes (Meloidogyne spp.) and Fusarium
wilt. Seed yield of California Blackeye 5 ranged
from 4467 to 4512 kg ha)1 in the 2002 and 2001
experiments, respectively, under the non-water-
stressed conditions. Under optimum condition in
the United States, seed yields of cowpea up to
7000 kg ha)1 have been achieved in large field plots
in some areas including the southern San Joaquin
Valley of California (Sanden 1993). Under the
conditions of the present study, the described plant
growth habit did not appear related to HI nor to
biological or seed yield. Days to maturity did not
also appear to be related to seed yield, biological
yield or HI. This is because cowpea cultivars tend
to have narrow range of adaptation as cultivars
developed for one zone usually are not very
productive in other zones (Hall et al. 2003). How-
ever, in some of our previous field trials conducted
in Maryland, cowpea genotypes such as California
Blackeye 5 gave a 30–40 % increase in seed yield
over the untreated plots by timely application of
appropriate insecticides or by planting the crop
2–3 weeks earlier (Dadson et al. 2000). Clearly,
there is a potential for further increase in seed yield

Table 3: Seed yield and biological yield of cowpea genotypes under non-water-stressed and water-stressed
conditions

Genotypes

Year 2001 Year 2002

Non-water-
stressed
seed yield
(kg ha)1)

Water-
stressed
seed yield
(kg ha)1)

Non-water-stressed Water-stressed

Seed
yield

(kg ha)1)

Biological
yield

(kg ha)1)
Harvest
index (%)

Seed
yield

(kg ha)1)

Biological
yield

(kg ha)1)

Harvest
index
(%)

Quickpick Pinkeye 2756 1975 3806 7473 33.7 1927 4513 29.9
Elite 2156 1965 3308 13 445 19.7 1991 7050 22.0
Mississippi Silver 2666 1577 4588 9015 33.7 2320 7860 22.8
Six Week Browneye 1942 1969 3130 8981 25.8 2311 4992 31.6
Big Boy 1751 1322 3828 8223 31.8 2639 7160 26.9
Texas Cream 8 2732 1936 2560 11 710 17.9 1719 9773 15.0
White Acre 1515 1450 3373 14 213 19.2 1600 3373 32.2
Champion 3733 3024 3941 12 126 24.5 2035 4103 33.2
Two Crop Brown 2105 1888 3247 14 778 18.0 1988 5933 25.1
California Blackeye 5 4467 2561 4512 9399 32.4 2895 8068 26.4
LSD 0.05 343 477 360 2400 12.8 327 1642 16.3
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by planting high-yielding genotypes, providing
optimum irrigation, adding fertilizers (Singh 1987,
Quin 1997, Singh et al. 1997), planting early and
spraying with suitable insecticides.
Among the genotypes that provided the highest

biological yield under non-water-stressed condi-
tions in 2002 were Two Crop Browneye and White
Acre, while under water-stressed conditions the
highest biological yield was provided by Texas
Cream 8 and California Blackeye 5 (Table 3). As
the growth habits of these genotypes were bushy,
prostrate or semi-erect these genotypes can be used
as a cover crop as well as for grain. This confirms
the finding that the spreading and bushy habits of
cowpea genotypes provide superior ground cover,
suppress weeds and provide some protection
against soil erosion (Quin 1997). Cowpea is also
used for green manure in southern USA (Ehlers
and Hall 1997) and the spreading types with
maximum biological yield could be used for soil
improvement in this area. With its potential for
high yield, cowpea could be introduced as an
insurance crop on the Delmarva Peninsula which is
prone to drought conditions. Moreover, the crop
does not deplete the natural reserves of soil
nitrogen. In fact, cowpea has the ability to fix
substantial atmospheric nitrogen (Kuykendall
et al. 2000, Hall et al. 2003), and thus increase
the soil nitrogen by 40–80 kg N ha)1 (Quin 1997).
The residues (stem, roots and leaves) also could
contribute organic matter and associated nutrients
to the soil.
The genotypes that provided the highest seed

yields under water-stressed conditions such as
California Blackeye 5 and Champion could serve
as alternative crops because of their desirable
attributes and resistance to major biotic and abiotic
constraints, and this usually makes them suitable
for different regions and cropping systems (Singh
et al. 1997). Most of the genotypes in our experi-
ments gave lower seed yield under water-stressed
conditions than the seed yield of the same geno-
types grown under non-water-stressed conditions.
Although cowpea is considered to be a drought-
resistant crop, failure of rainfall or lack of irriga-
tion is a frequent cause of shortfall in production
(Mortimore et al. 1997). Cowpea is primarily
grown in dry areas, but drought is an important
factor among several seed yield-reducing factors
(Watanabe et al. 1997). Therefore, selection of
cowpea genotypes that have higher tolerance to
drought is needed to obtain higher and more stable
seed yields for the Delmarva region.

Cowpea exhibits a wide range of plant habits,
flowering times and maturities (Ehlers and Hall
1997). This study indicates that the early maturing
cowpea genotypes for the Delmarva region were
Quickpick Pinkeye and Elite while the late matur-
ing genotypes were California Blackeye 5, Cham-
pion and Two Crop Brown. Earliness is an
important agronomic trait that is typically meas-
ured by such criteria as days to maturity (Fery and
Singh 1997). Earliness in maturity of cowpea
genotypes is a desirable trait so that cowpeas can
be grown in the niches of cereal-based cropping
systems (Singh et al. 1997). The quick growth of
cowpea is also desirable in drier areas where
rainfall is scanty and soils are sandy with little
organic matter (Singh et al. 1997). Early maturing
cowpea cultivars have proved more useful in some
dry environments and years because of their ability
to escape drought (Hall and Patel 1985). The
increased incidence of drought in some areas has
caused a shift to early maturing varieties (Morti-
more et al. 1997). In addition to escaping drought,
early maturing cultivars can escape some insect
infestations (Ehlers and Hall 1997).
The early erect type genotypes could be import-

ant for mechanized production to enable move-
ment of farm machinery down the rows while
cultivating, spraying pesticides and harvesting
(Ehlers and Hall 1997). The cowpea growers in
California harvest the crop either after the first
flush is completed or after both first and second
flushes are completed, mainly depending on the
length of the growing season that is available for
the crop (Hall and Frate 1996). In this study, all
cowpea genotypes underwent three to four harvests
manually. Synchronized maturity is also another
desirable attribute that could be useful for mech-
anized cowpea production because it could facili-
tate efficient harvesting (Fery 1990) when cowpea
will be adapted to large-scale production in the
Delmarva region. Higher-yielding, drought-toler-
ant cultivars with early maturity would be desirable
for production in the Delmarva Peninsula.
The growing season of 2002 was comparatively

drier than the 2001 growing season. According to
the UMES Weather Station, the rainfall was 30 %
below normal conditions, and the air and soil
temperatures were also higher than normal. These
environmental factors might have negatively affec-
ted the growth of some of the cowpea genotypes as
shown by Ehlers and Hall (1997) and Fery (1990),
who reported that some cowpea genotypes were
able to withstand the harsh drought conditions.
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Therefore, the differences in seed yield within the
same genotypes in the two seasons could have been
due to the intensity and pattern of rainfall as well as
elevated air and soil temperatures. Similar obser-
vations were reported by Koivisto et al. (2003) who
stated that significant differences in soya bean
performance in the two growing seasons was due
to differences in the environmental conditions.
In conclusion, drought-resistant cowpea geno-

types better suited to the Delmarva conditions
could play an important role in filling the gap in the
short fall of crop yields and sustain crop produc-
tion in this region. The introduction of cowpea to
the Delmarva region would enhance soil fertility
and benefit corn and other cereal crops grown in
rotation with it, thereby enhancing the sustainabil-
ity of agriculture and the farming system of the
Delmarva region. Cowpea could also be a valuable
component of crop rotation in the Delmarva region
due to the ability of resistant cultivars to suppress
reproduction of root-knot nematodes, Meloidogyne
spp. (Ehlers and Hall 1997) which infest the soya
bean crop in the Delmarva region. It will also
replenish soil nutrients through its symbiotic
association with mycorrhizae and Bradyrhizobium
spp. respectively (Kuykendall et al. 2000). This will
limit the use of poultry manure and chemical
fertilizers, thus decreasing the amount of phospho-
rus and nitrogen that leach into ground water and
water bodies. This study supports our contention
that cowpea could become a successful legume crop
for the Delmarva region.
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